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(54) A DISPLAY TYPE IMAGE SENSOR 

(57) In order to provide an image sensor apparatus 
having a display device function which can be used both 
as an active-matrix-type display device and as an image 
sensor by using thin-film optoelectronic transducers 
which function as a light-emitting element and a light- 
receiving element, each of pixels (FX) arranged in 
matrix form is formed with a first pixel section (PXA) 
including a first conduction control circuit (SWA) to 
which a scanning signal is supplied through a scanning 
line (gate) and a first thin-film optoelectronic transducer 
(11 A) capable of performing light emission or light 
reception, connected to a first wiring (D21) and a sec- 
ond wiring (022) via this circuit; and a second pixel sec- 
tion (PXB) including a second conduction control drcurt 
(SWB) to which the scanning signal is supplied through 
the scanning line (gate) and a second thin-film optoelec- 
tronic transducer (11B) capable of performing light 
emission or tight reception, connected to the first wiring 
(D21) and a third wiring (D23) via this circuit. 
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Description 

Technical Field 



[0001 ] The present invention relates to a new appara- 
tus (image sensor apparatus having a display device 
function) that can be used both as an active-matrix-type 
display device and as an image sensor. 

Background Art 

[0002] An active-matrix-type display device in which 
current-controi-type light-emitting elements, such as EL 
(electroluminescence) elements or LEDs (light-emitting 
diodes), are used is disclosed in, for example, Japanese 
Unexamined Patent Publication Nos. 8-54836 and 8- 
129358. Since any of the Kghl-emitling elements used 
for this type of display device emit light by themselves, 
there are advantages that, unlike liquid-crystal display 
devices, they do not require a backlight, and depend- 
ence upon viewing angle is small. Meanwhile, as fac- 
simile machines are in the midst of becoming more 
widespread in ordinary households, there has been a 
demand for more inexpensive ones as household elec- 
trical appliances. 

[0003] However, since image sensors used in conven- 
tional facsimile machines require an optical system, a 
mechanical system, sensors, an illumination system, 
and the like, which are expensive, it is difficult to achieve 
lowering of the price of a facsimile machine. 
[0004] Here, the inventors of the present invention 
have taken note of the fact that the current-control-type 
light-emitting element functions also as a PD (photodi- 
ode) element depending on the driving conditions and 
have proposed a new apparatus which can be used 
both as an active-matrix-type display device and as an 
image sensor 

[00051 In other words, an object of the present inven- 
tion Is to provide an image sensor apparatus having a 
display device function which can be used both as an 
active-matrix-type display device and as an image sen- 
sor by using thin-film optoeleclronic transducers which 
function as light-emitting elements and light-recaving 
elements. 

Disclosure of Invention 

[0006] In order to solve the above-described prob- 
lems, an image sensor apparatus having a display 
device function of the present invention comprises: a 
plurality of pixels arranged in matrix form; scanning 
lines to which a scanning signal for selecting the pixels 
in sequence is supplied: and first to third wirings used 
as signal lines when light emission or light reception is 
performed by the pixel selected by the scanning line, 
wherein the pixel comprises a first pixel section conv 
prising a first conduction control circuit to which the 
scanning signal is supplied through the scanning line 
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and a first thin-film optoelectronic transducer capable of 
performing light emission and light reception, connected 
to the first wiring and the second wiring via the first con- 
duction control circuit: and a second pixel section com- 
5 prising a second conduction control circuit to which the 
scanning signal is supplied through the scanning line 
and a second thin-film optoelectronic transducer capa- 
ble of performing light emission and light reception, con- 
nected to the first wiring and the third wiring via the 
10 second conduction control circuit. 

[0007] In the image sensor apparatus having a display 
device function of the present invention, since each 
pixel is formed with a first and a second thin-film optoe- 
lectronic transducer which function as a light-emitting 
15 element and a light-receiving element, by only changing 
the method of driving these thin-film optoelectronic 
transducers, it is possible to use the image sensor 
apparatus having a display device function as an image 
sensor apparatus and as a display device. Also, in the 
20 image sensor apparatus having a display device func- 
tion of the present invention, since each optoelectronic 
transducer is formed of a thin-film optoelectronic trans- 
ducer, it can be manufactured by a semiconductor proc- 
ess in a manner similar to that for an active-matrix 
25 substrate of a liquid-crystal display device. Further- 
more, since an optical system, a mechanical system, 
sensors, illumination, and the like, which are expensive, 
are not required, the readout section and the like of a 
facsimile machine can be towered in price. 
30 [0008] In the present invention, there are a case in 
which the conduction control circuit is composed of one 
thin-film transistor (hereinafter referred to as a TFT) and 
a case in which the conduction control circuit is com- 
posed of thin-film transistors of two stages, in each of 
35 the first and second pixel sections. 

[0009] In the case where the conduction control circuit 
is composed of one TFT first, the first conduction con- 
trol circuit and the second conduction control circuit are 
each formed with one TFT in which the scanning signal 
40 is supplied to the gate electrode. Of these TFTs, the 
TFT of the first conduction control circuit is connected at 
one of its source and drain regions to the second wiring 
and connected at the other to the pixel electrode of the 
first thin-film optoelectronic transducer. Also, the TFT of 
<s the second conduction control circuit is connected at 
one of its source and drain regions to the third wiring 
and connected at the other to the pixel electrode of the 
second thin-film optoelectronic transducer. 
[0010] With such a construction as described above. 
so preferably, a switching circuit is provided such that! 
when the thin-film optoelectronic transducer is used as 
a light-emitting element, that wiring of the second and 
third wirings to which the thin-film optoelectronic trans- 
ducer is connected is connected to an output circuit for 
55 a switch on/off control signal, and when the thin-film 
optoelectronic transducer is used as a light-receiving 
element, that wiring of the second and third wirings to 
which the thin-fflm optoelectronic transducer is con- 
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nected is connected to a photocurrent detection circuit, 
and the first wiring is connected to a constant-voltage 
power source. With this construction, by only switching 
the connected state of the second and third wirings by 
the switching circuit, it is possible to cause both the first 5 
and second pixel sections to function as a light-emttting 
section or a light-receiving section and also possible to 
cause one of them to function as a light-emitting section 
and the other to function as a light-receiving section. 
[001 1] In the present invention, when the conduction 
control circuit is formed of TFTs of two stages, first, the 
first conduction control circuit and the second conduc- 
tion control circuit are each formed with a first TFT in 
which the scanning signal is supplied to the gate elec- 
trode and a second TFT in which the gate electrode is 
connected to the first wiring through the first TFT Of 
these TFTs, the second TFT of the first conduction con- 
trol circuit is connected at one of its source and drain 
regions to the second wiring and connected at the other 
to the pixel electrode of the first thin-film optoelectronic 
transducer. Also, the second TFT of the second conduc- 
tion control circuit is connected at one of its source and 
drain regions to the third wiring and connected at the 
other to the pixel electrode of the second thin-film opto- 
electronic transducer. 

[0012] With such a construction as described above, 
a switching circuit is provided such that, when the thin- 
film optoelectronic transducer is used as a light-emitting 
element, that wiring of the second and third wirings to 
which the thin-film optoelectronic transducer is con- 
nected is connected to a constant-voltage power 
source, and when the thin-film optoelectronic trans- 
ducer is used as a light-receiving element, that wiring of 
the second and third wirings to which the thin-film opto- 
electronic transducer is connected is connected to a 
photocurrent detection circuit, and the first wiring is con- 
nected to an output circuit for a signal for controlling the 
conduction state of the second TFT. With such a con- 
struction, by only switching the connected state of the 
second and third wirings by the switching circuit, it is 
possible to cause both the first and second pixel sec- 
tions to function as a light-emitting section or a light- 
receiving section and also possible to cause one of 
them to function as a light-emitting section and the other 
to function as a light-receiving section. 
[0013] In the present invention, the formation area of 
the pixel electrode of the first thin-film optoelectronic 
transducer and the formation area of the pixel electrode 
of the second thin-film optoelectronic transducer are 
preferably intermingied with each other. With such a 
construction, when the image sensor apparatus having 
a display device function is used as an image sensor 
apparatus, the light which is output from the side 0I the 
pixel section that functions as a light-emitting section is 
reflected by a readout object, such as a document, a 
drawing, or a photograph, and efficiently reaches the 
side of the pixel section that functions as a light-receiv- 
ing section. 



[0014] In the present invention, the formation area of 
the pixel electrode of the first thin-film optoelectronic 
transducer and the formation area of the pixel electrode 
of the second thin-film optoelectronic transducer are 
preferably such that the center-of-gravity positions of 
both are close to each other in comparison with a con- 
struction in which the outer frame of the pixel electrode 
is partitioned by a straight line. For example, the forma- 
tion area of the pixel electrode of the first thin-film opto- 
electronic transducer Is preferably surrounded by the 
formation area of the pixel electrode of the second thin- 
film optoelectronic transducer. In this case, the forma- 
tion area of the pixel electrode of the first thin-film opto- 
electronic transducer is preferably in the central portion 
of the formation area of the pixel electrode of the sec- 
ond thin-film optoelectronic transducer. Wrth such a 
construction as described above, when the image sen- 
sor apparatus having a display device function is used 
as an image sensor apparatus, the light which is output 
from the side of the pixel section that functions as a 
light-emitting section is reflected by a readout object, 
such as a document, a drawing, or a photograph, and 
efficiently reaches the side of the pixel section that func- 
tions as a light-receiving section. 
[0015] in the present invention, a light-shielding layer 
is preferably formed between the pixel electrode of the 
first thin-film optoelectronic transducer and the pixel 
electrode of the second thin-film optoelectronic trans- 
ducer. With such a construction, even if light is emitted 
In all directions from the side of the pixel section which 
functions as a light-emitting section, it is possible for the 
light-shielding layer to prevent the light from leaking to 
the portion of the pixel section which functions as a 
light-receiving section. Therefore, it is possible to read 
an image from a readout object at a high S/N ratio. 

Brief Description of the Drawings 

[0016] 

Rg. 1 is an equivalent circuit diagram of an active 
matrix used for an image sensor apparatus having 
a display device function according to a first embod- 
iment of the present invention. 
Fig. 2 is an enlarged plan view showing one of a 
plurality of pixels formed in an active matrix of the 
image sensor apparatus having a display device 
function shown in Fig. 1. 

Figs. 3(A} and 3(B} are each a sectional view show- 
ing the construction of each element formed in the 
pixel shown in Fig. 2. 

Figs. 4(A) and 4(B) are each a waveform chart of a 
scanning signal and the like supplied to two adja- 
cent pixels in the active matrix of the image sensor 
apparatus having a display device function shown 
in Fig. 1. 

Fig. 5 is an equivalent circuit diagram of an active 
matrix used for an image sensor apparatus having 
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a display device function according to a second 
embodiment of the present invention. 
Fig. 6 is an enlarged plan view showing one of a 
plurality of pixels formed in an active matrix of the 
image sensor apparatus having a display device 
function shown in Fig. 5. 

Rgs. 7(A) and 7(B) are each a sectional view show- 
ing the construction of each element formed in the 
pixel shown in Fig. 6. 

Figs. 8(A) and 8(B) are each a waveform chart of a 
scanning signal and the like supplied to two adja- 
cent pixels in an active matrix of the image sensor 
apparatus having a display device function shown 
in Fig. 5. 

Rgs. 9(A) and 9(B) are each an Illustration showing 
the formation area of two pixel electrodes formed in 
each pixel of an active matrix in an image sensor 
apparatus having a display device function accord- 
ing to a third emljodiment of the present invention. 
Fig. 10 is an illustration showing the formation area 
of two pixel electrodes formed in each pixel of an 
active matrix in an image sensor apparatus having 
a display device function according to a fourth 
embodiment of the present invention. 
Fig- 11(A) is an illustration showing the formation 
area of two pixel electrodes formed in each pixel of 
an active matrix in an image sensor apparatus hav- 
ing a display device function according to a fifth 
embodiment of the present invention; and Fig. 
11(B) is an illustration showing the operation and 
the effect when the construction is formed as 
desaibed above. 

[Reference Numerals] 

[0017] 

1 

image sensor apparatus having a display device func- 
tion 
2 

transparent sut^strate 
11A 

first thin-film optoelectronic transducer 
11B 

second thin-film optoelectronic transducer 
10A to 10F 
pixel switching TFTs 
13A. 13B 
holding capacitors 
30. 301 302 

data-side driving circuits 
501,502 

photocunrent detection circuits 
401. 402 
switching circuits 
D11. D21 
first wirings 



D12. D22 
second wirings 
D13. D23 
third wirings 
5 OP 

counter electrode 
PX, PX11. PX12, PX21. PX22 
pixels 
PXA 

10 first pixel section 
PXB 

second pixel section 
SA. SB 

organic semiconductor films 
15 SWA 

first conduction control circuit 
SWB 

second conduction control circuit 
S/D 

20 source/drain region of TFT 
VA. XB 

positive-hole injection layers 
bank 

bank layer 
25 cc 

constant-voltage power source 
com 

common power-supply line 
gate 

30 scanning line 

Best Mode for Carrying Out the Invention 

[0018] The embodiments of the present invention will 
35 be described witii reference to the drawings. 

[First Embodiment] 

(Overall construction of active-matrix substrate) 

40 

[0019] Figs. 1 to 4 are respectively an equivalent cir- 
cuit diagram of an active matrix used for an image sen- 
sor apparatus having a display device function, an 
enlarged plan view showing one of a plurality of pixels 
45 formed In tiiis active matrix, a sectional view showing 
the construction of each element formed in tiiis pixel, 
and a waveform chart showing potential fluctuation in 
two pixels. 

[0020] An active-matrix substrate used in the image 
50 sensor apparatus having a display device function of 
this embodiment is manufactured by a semiconductor 
process in a manner similar to that for an active-matrix 
substrate of a liquid-crystal display device. As shown in 
Figs. 1 and 2, in an image sensor apparatus 1 having a 
55 display device function of this embodiment, a plurality of 
scanning lines "gate" are formed on a transparent sub- 
strate 2. In the direction intersecting the direction in 
which these scanning Unes "gate" are extended, a first 



4 



7 



EP0 942 583 A1 



8 



wiring D11 that functions as a common wiring for sup- 
plying voltage, and second and third wirings D12 and 
D13 that function as a signal line are formed, with each 
pixel PX (pixels PX11. PX12 PX21. PX22 ) being 
formed in matrix form in such a manner as to corre- 
spond to the intersection portion of the second wiring 
D12 (or the third wiring D13) and the scanning lines 
"gate". In the end portion of the scanning line "gate", a 
scanning-side driving circuit 20 for outputting a pulse for 
selecting a pixel as a scanning signal to this scanning 
line "gate" is formed. 

(Construction of the Pixel) 

[0021] As shown in Figs. 1 to 3, in this embodiment, 
each pixel PX is formed with a first pixel section PXA 
comprising a first conduction control circuit SWA to 
which a scanning signal for selecting a pixel is supplied 
through the scanning line "gate" and a first thin-film 
optoelectronic transducer 11 A which is connected to the 
first wiring D11 and the second wiring D12 in a circuit 
manner through the first conduction control circuit SWA; 
and a second pixel section PXB comprising a second 
conduction control circuit SWB to which the scanning 
signal is supplied through the scanning line "gate" for 
common use with this first pixel section PXA and a sec- 
ond thin-film optoelectronic transducer 11B which is 
connected to the first wiring D11 and the third wiring 
D13 in a circuit manner through the second conduction 
control circuit SWB. Although not shown in Figs. 2 and 
3, In each of the first and second pixel sections PXA and 
PXB, holding capacitors 13A and 13B are formed in 
such a manner as to be connected in parallel to the first 
and second thin-film optoelectronic transducers 11A 
and 11 B. 

[0022] The first and second conduction control circuits 
SWA and SWB are formed of p-channel-type TFTs 10A 
and 108 including a gate electrode to which a scanning 
signal is supplied from the scanning line "gate", respec- 
tively. The TFT 10A on the side of the first conduction 
control circuit SWA is connected at one of its source and 
drain regions S/D to the second wiring D12 and con- 
nected at the other to a pixel electrode PEA of the first 
thin-film optoelectronic transducer 11 A. The TFT 10B 
on the side of the second conduction control circuit 
SWB is connected at one of its source/drain regions S/D 
to the third wiring D13 and connected at the other to a 
pixel electrode PEB of the second thin-film optoelec- 
tronic transducer 1 1 B. 

[0023] Rgs. 3(A) and 3(B) show a section along the 
line A-A' of Fig. 2 and a section along the line B-B' of 
Fig. 2, respectively. As shown in Figs. 3(A) and 3(B). the 
basic constructions of the first and second pixel sec- 
tions PXA and PXB are the same, and the TFTs IDA 
and 10B which constitute the first and second conduc- 
tion control circuits SWA and SWB are each formed with 
a channel region 61 , source/drain regions S/D formed 
on both sides of the channel region 61 , a gate insulation 



film 62 formed at least on the surface of the channel 
region 61, and a gate electrode 63 formed on the sur- 
face of this gate insulation film 62. with an interlayer 
insulation film 64 being formed on the sur^ce of the 

5 gate electrode 63. The second and third wirings 012 
and D13 are connected electrically to one of the 
source/drain regions S/D. respectively, through the con- 
tact hole of this interlayer insulation film 64. The pixel 
electrodes PEA and PEB of the first and second thin- 

10 film optoelectronic transducers 11 A and 11B are con- 
nected electrically to the other of the source/drain 
regions S/D, respectively. Although not shown in Fig. 3, 
in each of the first and second pixel sections PXA and 
PXB, holding capacitors 13A and 13B which are con- 

15 nected in parallel to the first and second thin-film optoe- 
lectronic transducers 11 A and 11 B are formed, as 
described with reference to Fig. 1. These holding 
capacitors 1 3 A and 1 3B can be formed by extending, for 
example, the pixel electrodes PEA and PEB or that part 

20 of the source/drain regions S/D. which is connected 
electrically to the pixel electrodes PEA and PEB. and by 
causing them to oppose a counter electrode OP through 
the insulation film. It is also possible to form the holding 
capacitors 13A and 138 by forming a capacity line in 

25 such a manner as to pass through the first and second 
pixel sections PXA and PXB and by causing this capac- 
ity line to oppose the extended portion of the 
source/drain regions S/D or the pixel electrodes PEA 
and PEB through the insulation film. In this case, the 

30 capacity line is set at a fixed potential. 

(Thin-film optoelectronic transducer) 

[0024] The first and second thin-film optoelectronic 
35 transducers 1 1 A and 1 1 B have the same construction 
and function as either a light-emitting element or a light- 
receiving element. That is, in the first thin-film optoelec- 
tronic transducer 11 A. a transparent pixel electrode 
PEA formed of an ITO film, a positive-hole injection 
40 layer VA. an organic semiconductor film SA, and a 
counter electrode OP formed of a lithium-containing 
metal film such as aluminum or calcium are multilayered 
in this sequence. Also in the second thin-film optoelec- 
tronic transducer 118, similarly, a transparent pixel elec- 
ts trode PEB formed of an ITO film, a positive-hole 
injection layer VB, an organic semiconductor film SB. 
and a counter electrode OP formed of a lithium-contain- 
ing metal film such as aluminum or calcium are multilay- 
ered in this sequence, each of these layers being a layer 
so formed at the same time as the pixel electrode PEA, the 
positive-hole injection layer VA, the organic semicon- 
ductor film SA, and the counter electrode OP of the first 
thin-film optoelectronic transducer 1 1 A. 
[0025] A case in which the thin-film optoelectronic 
55 transducer functions as a light-emitting element will be 
described first. In the first and second thin-film optoelec- 
tronic transducers 11A and 11B, since these are used 
as light-emitting elements (current-control-type light- 
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emitting elements), when a voltage Is applied by assign- 
ing the counter electrode OP and the pixel electrode? 
PEA and PEB as a negative pole and a positive pole 
respectively, cun-ent (driving current) which flowt 
through the organic semiconductor films SA and SB 
increases sharply in a state in which the applied voltage 
exceeds a threshold voltage of the thin-film optoelec- 
tronic transducer, causing the first and second thin-film 
optoelectronic transducers 1 1 A and 11 B to emit light as 
an EL element or an LED element. This light is reflected 
by the counter electrode OP. passes through the trans- 
parent pixel electrodes PEA and PEB. and is output. 
[0026] Next, a case in which the thin-film optoelec- 
tronic transducer functions as a light-receiving element 
will be described. When light reaches the first and sec- 
ond thin-film optoelectronic transducers 11 A and 11B 
through the transparent substrate 2 and the transparent 
pixel electrodes PEA and PEB, photocun-ent is gener- 
ated in the organic senruconductor films SA and SB. In 
this case, the thin-film optoelectronic transducer func- 
tions as a light-receiving element that generates a 
potential difference between the counter electrode OP 
and the pixel electrodes PEA and PEB. 
[0027] When manufacturing the first and second thin- 
film optoelectronic transducers 1 1 A and 11 B of such a 
construction, in this embodiment, after a black resist 
layer is formed on the surface of the interlayer insulation 
film 64. the positive-hole injection layers VA and VB and 
the organic semiconductor films SA and SB are formed, 
the resist is left in such a manner as to sun-ound the 
area which is to be the light-emitting area or the light- 
receiving area, and a bank layer "bank" is formed. After 
the bank layer 'bank" is formed, a liquid material (pre- 
cursor) for forming the positive-hole injection layers VA 
and VB is discharged from an ink jet head with respect 
to the inner area of the bank layer iDank", and the posi- 
tive-hole injection layers VA and VB are formed in the 
inner area of the bank layer "bank". Similarly, a liquid 
material (precursor) for forming the organic semicon- 
ductor films SA and SB is discharged from the ink jet 
head with respect to the inner area of the bank layer 
"bank", and the organic semiconductor films SA and SB 
are formed in the inner area of the bank layer "bank" 
Here, since the bank layer t>ank" is formed of a resist, it 
IS water repellent. In contrast, since the precursors of 
the positive-hole injection layers VA and VB and the 
organic semiconductor films SA and SB use a 
hydrophilic solvent as a main solvent, the coating areas 
of the posftive-hole injection layers VA and VB and the 
organic semiconductor films SA and SB are surely 
d^ined by the bank layer "bank", and do not extend out 
to the adjacent pixel section. Therefore, it is possible to 
form the positive-hole injection layers VA and VB and 
the organic semiconductor films SA and SB only within 
the predetermined area. Further, a bank layer Ijank" 
having a light-shielding property (light-shielding layer) is 
formed between the pixel electrode PEA of the first pixel 
section PXA and the pixel electrode PEB of the second 



pixel section PXB. However, if the bamer plate formed 
of the bank layer "bank" has a height of about 1 jim in 
advance, the bank layer "bank" functions sufficiently as 
a barner plate even If the bank layer "bank" is not water 
5 repellent- If the bank layer "bank" is formed in advance, 
even when the positive-hole injection layers VA and VB 
and the organic semiconductor films SA and SB are 
formed by a coating method instead of an ink jet 
method, the formation area thereof can be defined. 
10 [0028] In the thin-film optoelectronic transducers 1 1 A 
and 11 B, although light emission efficiency is slightly 
decreased, there Is a case in which the positive-hole 
injection layers VA and VB are omitted. Further, when 
an electron injection layer is formed on the opposite side 
15 Of the organic semiconductor films SA and SB in place 
of the positive-hole injection layers VA and VB. there is 
a case in which both the electron injection layer and the 
positive-hole injection layers VA and VB are formed. 

so (Driving circuit) 

[0029] As can be seen from Rg. 2. the counter elec- 
trode OP is formed at least on the pixel area, and in this 
embodiment, is formed in strip form in such a manner as 
25 to extend across a plurality of pixels PX as a common 
electrode among the pixels PX. As shown in Fig. 1 this 
counter electrode OP Itself is used as the first wiring 
D11. and it is connected to a constant-voltage power 
source cc. 

30 [0030] In this embodiment, the construction is formed 
as described below such that in all the pixels PX. the 
first thin-film optoelectronic transducer 1 1 A and tiie sec- 
ond thin-film optoelectronic transducer 1 1 B can be used 
as a light-emitting element or a light-receiving element, 
35 and one of the optoelectronic transducer 1 1 A and the 
second tiiin-film optoelectronic transducer 11 B can be 
used as a llght-emitting element and the otiier as a light- 
receiving element. 

[0031 ] Refen'ing again to Fig. 1 . a first data-side driv- 
40 ing circuit 301 for outputting a signal for controlling the 
switched on/off state to the second wiring D12. and a 
second data-side driving circuit 302 for outputting a sig- 
nal for controlling the switched on/off state to the third 
wiring D13 are formed on the transparent substrate 2 
45 Also formed on the transparent substrate 2 are a first 
photocurrent detection circuit 501 for detecting from the 
second wiring D12 photocurrent which flows when the 
first tiiin-film optoelectronic transducer 11 A receives 
light, and a second photocurrent detection circuit 502 
50 for detecting from the third wiring D13 photocurrent 
which ftows when the second thin-film optoelectronic 
transducer 11B receives light. Here, tfie first photocur- 
rent detection drcuH 501 and the second photocun-ent 
detection circuit 502 contain therein a very-small-cur- 
55 rent amplification circuit a voltage amplification circuit 
and the like, so that a very small variation of each wirina 
is monitored. 
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(Switching circuit) 

[0032] Also, as shown in Fig. 1 , formed on the trans- 
parent substrate 2 are a first switching circuit 401 that 
connects the second wiring D12 to the first data-side 
driving circuit 301 when the first thin-film optoelectronic 
transducer 1 1 A is used as a light-emitting element and 
that connects the second wiring D12 to the first photo- 
current detection circuit 501 when the first thin-film opto- 
electronic transducer 11 A is used as a light-receiving 
element, and a second switching circuit 402 that con- 
nects the third wiring D 13 to the second data-side driv- 
ing circuit 302 when the second thin-film optoelectronic 
transducer 1 1 B is used as a light-emitting element and 
that connects the third wiring D13 to the second photo- 
current detection circuit 502 when the second thin-film 
optoelectronic transducer 1 1 B is used as a light-receiv- 
ing element. 

[0033] In this example, the first switching circuit 401 is 
formed with signal lines cg1 and sgl to which the sig- 
nals whose polarity is inverted with respect to the other 
are respectively supplied, and the second switching cir- 
cuit 402 is formed with signal lines cg2 and sg2 to which 
the signals whose polarity is inverted with respect to the 
other are respectively supplied. These signal tines cgl. 
sgl. cg2, and sg2 are connected to the gate electrodes 
of n-channel-type TFTs 41 . 42. 43. and 44, respectively 
The TFT 41 is constructed so as to control the con- 
nected state of the first photocurrent detection circuit 
501 and the second wiring D12, and the TFT 42 is con- 
structed so as to control the connected state of the first 
data-side driving circuit 301 and the secord wiring D12. 
Similarly, the TFT 43 is constructed so as to control the 
connected state of the second photocurrent detection 
circuit 502 and the third wiring D13, and the TFT 44 is 
constructed so as to control the connected state of the 
second data-side driving circuit 302 and the third wiring 
D13. 

(Method of use) 

[0034] When the image sensor apparatus 1 having a 
display device function constructed as described above 
is used as a contact-type image sensor apparatus, a 
readout object, such as a photograph, from which an 
Image is to be read, is brought Into close contact with 
the rear surface of the transparent substrate 2. Here, in 
each pixel PX, when the first thin-film optoelectronic 
transducer 1 1 A is used as a light-emitting element and 
the second thin-film optoelectronic transducer 1 1 B as a 
light-receiving element, the first switching circuit 401 
causes the TFT 41 to be turned off and the TFT 42 to be 
turned on. In contrast, the secorxi switching circuit 402 
causes the TFT 43 to be turned on and the TFT 44 to be 
turned off. 

[0035] In this state, the signals of waveforms shown in 
Figs. 4(A) and 4(B) are output to the scanning line 
"gate" and the second wiring D12. 



[0036] Rgs. 4(A) and 4(B) show a scanning signal 
Vgate supplied to each scanning line "gate" in two adja- 
cent pixels PX (the pixel PX1 1 on the pre-stage side, 
and the pixel PX21 on the post-stage side) in the direc- 

5 tlons in which the first to third wirings D11, D12, and 
D13 are extended (the direction intersecting the scan- 
ning line "gate"), the potential level of the first wiring 
D11. a signal VD12 for controlling the switch on/off, 
which is supplied to the second wiring D1 2. the potential 

70 fluctuation of the third wiring D 1 3. and the potential fluc- 
tuation of the pixel electrode PEA of the first thin-film 
optoelectronic transducer 11A used as a light-emitting 
element. 

[0037] As can be seen from Fig. 4, a scanning signal 

15 Vgate for causing the TFTs 10A and 10B to be turned 
on/off in each pixel and selecting each pixel in sequence 
is supplied to the scanning line "gate", whereas a switch 
on/off control signal VD12 for switching the first thin-film 
optoelectronic transducer 11A between switched on 

20 and off states in the first pixel section PXA is supplied to 
the second wiring D12. Therefore, in the pixel PX 
selected by the scanning line "gate", the first thin-film 
optoelectronic transducer 11 A is switched from the 
switched-off state to the switched-on state for a prede- 

25 termined period in accordance with the switch on/off 
control signal VD12 in the first pixel section PXA and 
returns to a switched-off state again. In this period, in 
the second pixel section PXB. the second thin-film opto- 
electronic transducer 11B receives the light which is 

30 reflected by a readout object, such as a photograph, 
from the first pixel section PXA. As a result, photocur- 
rent flows in the second thin-film optoelectronic trans- 
ducer 118. and in accordance with this, a 
predetermined potential difference is generated 

35 between the pixel electrode PEB of the second thin-film 
optoelectronic transducer 11B and the counter elec- 
trode OP. Since this potential difference appears in the 
third wiring D13, this can be detected in sequence by 
the second photocurrent detection circuit 502. Such an 

40 operation is performed by each pixel selected in 
sequence in accordance with a scanning signal output 
to the scanning line "gate" from the scanning-side driv- 
ing circuit 20. Therefore, it is possible for the image sen- 
sor apparatus 1 having a display device function as a 

45 contact-type image sensor* apparatus to read image 
information from a readout object, such as a photo- 
graph. 

[0038] The image information read in this way and the 
like can be displayed by the image sensor apparatus 1 

so having a display device function. That is. the image 
information read herein from a readout object, such as 
a photograph, is recorded in an information recording 
device, such as a RAM, and when it is displayed, a mod- 
ulation image signal in accordance with the image infor- 

55 matlon is sent to the second wiring D12 from the first 
data-side driving circuit 301 . As a result, in the pixel PX 
selected in sequence by a scanning signal supplied 
from the scanning line "gate", the swvltched on/off state 
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of the first thin-film optoelectronic transducer 1 1 A of the 
first pixel section PXA is controlled in accordance with 
the modulation image signal, and a desired image is 
displayed. 

[0039] When such a display operation is performed, if 
the second switching circuit 402 causes the TFT 43 to 
be turned off and the TFT 44 to be turned on and the 
modulation image signal is sent from the second data- 
side driving circuit 302 to the third wiring D13. it is also 
possible for the second thin-film optoelectronic trans- 
ducer 11 B of the second pixel section PXB to control the 
switched on/off state in accordance with the modulation 
image signal. When the display operation is performed 
by both the first and second pixel sections PXA and 
PXB as described above, it is possible to produce a dis- 
play having higher luminance. 

[0040] In contrast to the above example, if the first and 
second swrtching circuits 401 and 402 cause the TFTs 
41 and 43 to be turned on and the TFTs 42 and 44 to be 
turned off. it is possible to use the respective first and 
second thin-film optoelectronic transducers 11A and 
1 1B as a light-receiving element in both the first and 
second pixel secttons PXA and PXB. As a resuH of the 
above, a reading operation with higher sensitivity is pos- 
sible. 

(Advantages of this embodiment) 

100411 As has been described above, in the image 
sensor apparatus 1 having a display device function of 
this embodiment, since each pixel PX is formed with the 
first and second thin-film optoelectronic transducers 
11A and 11B that function as a light-emitting element 
and a light-receiving element, by only changing the 
method of driving these thin-film optoelectronic trans- 
ducers, it is possible to use the image sensor apparatus 
1 having a display device function as an image sensor 
apparatus and a displ^ device. Further. In the image 
sensor apparatus 1 having a display device function of 
this embodiment, each element can be manufactured 
by a semiconductor process and since an optical sys- 
tem, a mechanical system, sensors, illumination, and 
the like, which are expei^e. are not required, the rea- 
dout section and the like of a facsimile machine can be 
lowered in price. 

[0042] Furthermore, by only swvitching the connected 
state of the second and third wirings D12 and D13 by 
the switching drcuits 401 and 402. it is possible to 
cause both the first and second pixel sections PXA and 
PXB to function as a light-emitting section or a light- 
receiving section, and it is also possible to cause one of 
them to function as a light-emitting section and the other 
to function as a light-receiving section. 
[0043] Since a light-shieWing bank layer "bank" is 
formed between the pixel electrode PEA of the first pixel 
section PXA and the pixel electrode PEB of the second 
pixel section PXB. even if light is emitted in all directions 
from the side of the first pixel section PXA which func- 
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tions as a light-emitting section, it is possible for the 
bank layer "bank" to prevent the light from leaking to the 
second pixel section PXB which functions as a light- 
receiving section. Therefore, it is possible to read an 
image from a readout object at a high S/N ratio. 

[Second Embodiment] 

(Overall construction of active-matrix substrate) 



[0044] Figs. 5 to 8 are respectively an equivalent cir- 
cuit diagram of an active matrix used for an image sen- 
sor apparatus having a display device function, an 
enlarged plan view showing one of a plurality of pixels 
15 formed in this active matrix, a sectional view showing 
the construction of each element formed in this pixel, 
and a waveform chart showing potential fluctuation iri 
two pixels. In the following description, components 
having functions common to those of the first embodi- 
20 ment are given the same reference numerals, and 
accordingly, a detailed description thereof has been 
omitted. 

[0045] An active-matrix substrate is also manufac- 
tured by a semiconductor process in a manner similar to 
25 that for an active-matrix substrate of a liquid-crystal dis- 
play device used for an image sensor apparatus having 
a display device function of this embodiment. As shown 
in Figs. 5 and 6. also in the Image sensor apparatus 1 
having a display device function of this embodiment on 
30 a transparent substrate 2. a first wiring D21 . a second 
winng D22. and a third wiring D23 are formed in the 
direction intersecting the direction in which the scanning 
lines "gate" extend, with each pixel PX (pixels PX11 
PX12 PX21. PX22 ) being formed in matrix form as a 
35 result of the intersection of the first to third wirings D21 , 
D22. and D23 and the scanning lines "gate". Further a 
counter electrode OP is formed at least on the pixel 
region, and also in this embodiment, is formed in strip 
form in such a manner as to extend across a plurality of 
40 pixels PX as a common electrode among the pixels PX. 

(Construction of the pixel) 



[0046] As shown in Figs. 5 to 8. each of the pixels PX 
45 IS formed with first and second pixel sections PXA and 
PXB. The first pixel section PXA is formed with a first 
conduction control circuit SWA to which a scanning sig- 
nal for selecting pixels is supplied through the scanning 
line "gate" and a first thin-film optoelectronic transducer 
50 11A in which one of the electrodes (pixel electrode 
PEA) is connected through this first conduction control 
drcuit SWA in a circuit manner to both the first wiring 
D21 and the second wiring D22. Also, the second pixel 
section PXB is formed with a second conduction control 
55 arcuit SWB to which the scanning signal is supplied 
through the scanning line "gate" for common use with 
the first pixel section PXA which, together this pixel sec- 
tion, constitutes one pixel PX, and a second thin-film 
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optoelectronic transducer 11 B in which one of the elec- 
trodes (pixel electrode PEB) is connected through this 
second conduction control circuit SWB in a circuit man- 
ner to both the first wiring D21 and the third wiring D23. 
Here, in the first and second thin-film optoelectronic 5 
transducers 1 1 A and 1 1 B. the other electrode is formed 
as a counter electrode OP for common use. 
[0047] The first and second conduction control circuits 
SWA and SWB include TFTs IOC and 10E in which a 
scanning signal is supplied to the gate electrode, and 10 
second TFTs 10D and 10F in which the gate electrode 
is connected to the first wiring D21 through these first 
TFTs 10c and 10E, respectively. In this example, the 
TFTs 10c and 10E are of an n-channel type, and the 
TFTs 1 0D and 10F are of a p-channel type. The second is 
TFT 10D of the first conduction control circuit SWA is 
connected at one of its source and drain regions S/D to 
the second wiring D22 and connected at the other to the 
pixel electrode PEA of the first thin-film optoelectronic 
transducer 1 1 A. The TFT 10F of the second conduction 20 
control circuit SWB is connected at one of its source 
and drain regions S/D to the third wiring D23 and con- 
nected at the other to the pixel electrode PEB of the 
second thin-film optoelectronic transducer 11 B. 
Although not shown In Figs. 6 and 7, in each of the first 25 
and second pixel sections PXA and PXB. one of the 
electrodes of the holding capacitors 13A and 13B is 
connected to the gate electrodes of the second TFTs 
1 0D and 1 0F so as to perform the function of holding the 
electrical potential applied to the gate electrode. 30 
[0048] As the sections along the line C-C and along 
the line D-D' of Fig. 6 and the sections along the line E- 
E' and along the line F-P of Fig. 6 are shown in Figs. 
7(A) and 7(B), respectively, the basic constructions of 
the first and second pixel sections PXA and PXB are the 35 
same, and the first TFTs 10C and 10E and the second 
TFTs 10D and 10F which constitute the first and second 
conduction control circuits SWA and SWB are each 
formed with a channel region 61, source/drain regions 
S/D formed on both sides of this channel region 61, a 40 
gate insulation film 62 formed at least on the surface of 
the channel region 61, and a gate electrode 63 formed 
on the surface of this gate insulation film 62, and a first 
intertayer insulation film 64 formed on the surface of this 
gate electrode 63. 45 
[0049] In the first TFTs 10C and 10E which are con- 
stituents of the first and second conduction control cir- 
cuits SWA and SWB, the first wiring D21 is electrically 
connected to one of the source/drain regions S/D 
through the contact hole of the interlayer insulation film so 
64. A potential holding electrode 65 is electrically con- 
nected to the other of the source/drain regions S/D of 
the TFTs 10C and 10E through the contact hole of the 
interlayer insulation film 64, and this potential holding 
electrode 65 is electrically connected to the extended 55 
portion 630 of the gate electrode 63 of the second TFTs 
10D and 1 0F 

[0050] A second interlayer insulation film 66 is formed 



on the surfaces of the potential holding electrode 65 and 
the first wiring D21. 

[0051] In the second TFT 10D which is a constituent 
of the first conduction control circuit SWA, the second 
wiring D22 is electrically connected to one of the 
source/drain regions S/D through the contact hole of the 
interiayer insulation film 64. In the second TFT 10F 
which is a constituent of the second conduction control 
circuit SWB. the third wiring D23 is electrically con- 
nected to one of the source/drain regions S/D through 
the contact hole of the interiayer insulation film 64. A 
relay electrode 67 is electrically connected to the other 
of the source/drain regions S/D of the second TFTs 1 0D 
and IGF through the contact hole of the interlayer insu- 
lation film 64, and the pixel electrodes PEA and PEB are 
electrically connected to this relay electrode 67 through 
the contact hole of the interiayer insulation film 66. 
[0052] Although not shown in Fig. 7, as described with 
reference to Fig. 4, in each of the first and second pixel 
sections PXA and PXB, one of the electrodes of the 
holding capacitors 13A and 13B is connected to the 
gate electrode 63 of the first TFTs IOC and 10E. For 
example, the gate electrodes 63 of the second TFTs 
10D and 10F extend to below the second wiring D22 or 
the third wiring D23 and are made to oppose each other 
via the interiayer insulation film 64. These holding 
capacitors 13A and 13B may be formed in such a way 
that, for example, a capacity line is formed in such a 
manner as to pass the first and second pixel sections 
PXA and PXB and this capacity line is made to oppose 
the potential holding electrode 65 through the interiayer 
insulation film 64. In this case, the capacity line is held 
at a fixed potential. 

(Thin-film optoelectronic transducer) 

[0053] The first and second thin-film optoelectronic 
transducers 1 1 A and 1 1 B have the same construction, 
as described in the first embodiment, and may function 
as either a light-emitting element or a light-receiving ele- 
ment. That is, in the first and second thin-film optoelec- 
tronic transducers 11 A, transparent pixel electrodes 
PEA and PEB formed of an ITO film, positive-hole injec- 
tion layers VA and VB, organic semicorxiuctor films SA 
and SB, and a counter electrode OP formed of a lithium- 
containing metal film such as aluminum or calcium are 
multilayered in this sequence, each of these layers 
being a layer formed at the same time as on the side of 
the first thin-film optoelectronic transducer 1 1 A and the 
side of the second thin-film optoelectronic transducer 
11B. 

[0054] A case in which the thin-film optoelectronic 
transducer functions as a light-emitting element will be 
described first. In the first and second thin-film optoelec- 
tronic transducers 1 1 A and 1 1B. since these are used 
as light-emitting elements, when a voltage is applied by 
assigning the counter electrode OP and the pixel elec- 
trodes PEA and PEB as a negative pole and a positive 
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pole, respectively, current (driving current) which flows 
through the organic semiconductor films SA and SB 
mcreases sharply in a state in which the applied voltage 
exceeds a threshold voltage of the thin-film optoelec- 
tronic transducer, causing the first and second thin-film 5 
optoelectronic transducers 1 1 A and 1 1 B to emit light as 
an EL element or an LED element. This light is reflected 
by the counter electrode OP, and is output through the 
transparent pixel electrodes PEA and PEB and the 
transparent substrate 2. 

10 

[0055] A case in which the thin-film optoelectronic 
transducer functions as a light-receiving element will be 
described. When light reaches the first and second thin- 
film optoelectronic transducers 11 A and 11B through 
the transparent substrate 2 and the transparent pixel 15 
electrodes PEA and PEB, photocurrent is generated in 
the organic semiconductor films SA and SB. In this 
case, the thin-film optoelectronic transducer functions 
as a light-receiving element which generates a potential 
difference between the counter electrode OP and the so 
pixel electrodes PEA and PEB. 
[0056] When manufacturing the first and second thin- 
film optoelectronic transducers 1 1 A and 1 1B of such a 
construction, similarly to the first emlxxliment. after a 
black resist layer is formed on the surface of the inter- 25 
layer insulation film 65. positive-hole injection layers VA 
and VB and organic semiconductor films SA and SB are 
formed, the resist is left in such a manner as to surround 
the area which is to be the light-emitting area or the 
light-receiving area, and a bank layer •'bank" is formed. 30 
After the bank layer l)ank" is formed, a liquid material 
(precursor) for forming the positive-hole injection layers 
VA and VB is discharged from an ink jet head with 
respect to the inner area of the bank layer "bank", and 
the positive-hole injection layers VA and VB are formed 3S 
in the inner area of the bank layer 'bank". Similarly, a liq- 
uid material (precursor) for forming the organic semi- 
conductor films SA and SB Is discharged from the ink jet 
head with respect to the inner area of the bank layer 
"bank", and the organic semiconductor films SA and SB 4o 
are formed in the inner area of the bank layer "bank". As 
a result, a light-shielding bank layer "bank" is formed 
between the pixel electrode PEA of the first pixel section 
PXA and the pixel electrode PEB of the second pixel 
section PXB. 

[0057] Further, in the first and second thin-film optoe- 
lectronic transducers 11 A and 11B, the transparent 
pixel electrode PEA or PEB formed of ITO. the positive- 
hole injection layer VA, and the organic semiconductor 
film SA as a light-emission thin film are multilayered. 
and further, a counter electrode OP formed of a lithium- 
containing metal film such as aluminum or calcium is 
formed on the surface of the organic semiconductor film 
SA in this sequence. In contrast, when a driving current 
is made to flow in a reverse direction to the first and sec- 
ond thin-film optoelectronic transducers, there Is a case 
in which, from the lower layer skJe toward the upper 
layer side, a pixel electrode PEA or PEB formed of an 



ITO film, a counter electrode OP formed of a lithium- 
containing aluminum electrode, which is so thin as to 
have a light transmission property, an organic semicon- 
ductor film SA. a positive-hole injection layer VA. and a 
counter electrode OP (positive pole) formed of a lithium- 
containing metal film such as aluminum or calcium are 
multilayered In this sequence, forming a light-emitting 
element 

(Driving circuit) 

[0058] As can be seen from Fig. 6, the counter elec- 
trode OP is formed at least on the pixel area, and is 
formed in strip form in such a manner as to extend 
across a plurality of pixels PX as a common electrode 
among the pixels PX. The counter electrode OP is held 
at a fixed potential. 

[0059] In this embodiment, the construction is formed 
as described below such that in all the pixels PX. the 
first and second thin-film optoelectronic transducers 
1 1 A and 1 1 B can be used as a light- emitting element or 
a light-receiving element, and one of the first and sec- 
ond thin-film optoelectronic transducers 11A and 11B 
can be used as a light-emitting element and the other as 
a light-receiving element. 

[0060] Referring again to Fig. 5. a data-side driving 
arcuit 30 for outputting to the first wiring D21 a signal for 
controlling the switched on/off state and a signal for con- 
trolling the light-receiving/non-light-receiving state is 
formed on the transparent substrate 2. Also formed on 
the transparent substrate 2 are a first photocurrent 
detection circuit 501 for detecting from the second wir- 
ing D22 photocurrent which flows when the first thin-film 
optoelectronic transducer 1 1 A receives light, and a sec- 
ond photocurrent detection drcuit 502 for detecting from 
the third wiring D23 photocurrent which flows when the 
second thin-film optoelectronic transducer 1 1 B receives 
light. Here, the first photocurrent detection circuit 501 
and the second photocun-ent detection circuit 502 con- 
tain therein a very-small-cun-ent amplification circuit, a 
voltage anplification circuit, and the like, so that a very 
small variation of each wiring is monitored. 

(Switching circuit) 

[0061] As shown in Fig. 5. formed on the transparent 
substrate 2 are a first switching circuH 401 which con- 
nects the second wiring D22 to a common power-supply 
line com when the first thin-film optoelectronic trans- 
ducer 11 A is used as a light-emitling element and which 
connecis the second wiring D22 to the first photocurrent 
detection circuit 501 when the first thin-film optoelec- 
tronic transducer 11A is used as a light-receiving ele- 
ment, and a second switching circuit 402 which 
connects the third wiring D23 to the common power- 
supply line com when the second thin-film optoelec- 
tronic transducer 11B is used as a light-emitting ele- 
ment and which connects the third wiring D23 to the 
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second photocurrent detection circuit 502 when the sec- 
ond thin-film optoelectronic transducer 11 B is used as a 
light-receiving element. 

[0062] In this example, the first switching circuit 401 is 
formed by signal lines cg1 and sgl to which two signals s 
whose high level and low level are inverted with respect 
to the other are respectively supplied, and the second 
switching circuit 402 is formed by signal lines cg2 and 
sg2 to which two signals whose high level and low level 
are inverted with respect to the other are respectively io 
supplied. These signal lines cgl . sgl , cg2, and sg2 are 
connected to the gate electrodes of n-channel-type 
TFTs 45, 46. 47, and 48, respectively. Here, the TFT 45 
is constructed so as to control the connected state of 
the common power-supply line com and the second wir- is 
ing D22, and the TFT 46 is constructed so as to control 
the connected state of the first photocurrent detection 
circuit 501 and the second wiring D22. Similarly, the 
TFT 47 is constructed so as to control the connected 
state of the common power-supply line com and the 20 
third wiring D23. and the TFT 48 is constructed so as to 
control the connected state of the second photocurrent 
detection circuit 502 and the third wiring D23. 

(Method of use) 2S 

[0063] When the image sensor apparatus 1 having a 
display device function constructed as described above 
is used as a contact-type image sensor apparatus, a 
readout object, such as a photograph, from which an so 
image is to be read, is brought into close contact with 
the rear surface of the transparent substrate 2. Here, in 
each pixel PX, when the first thin-film optoelectronic 
transducer 1 1 A is used as a light-emitting element and 
the second thin-film optoelectronic transducer 1 1 B as a 35 
light-receiving element, the first switching circuit 401 
causes the TFT 45 to be turned on and the TFT 46 to be 
turned off. In contrast, the second switching circuit 402 
causes the TFT 47 to be turned off and the TFT 48 to be 
turned on. In this state, the signals of waveforms shown 4o 
in Figs. 8(A) and 8(B) are output to the scanning line 
^'gate" and the first wiring D21 . 

[0064] Figs. 8(A) and 8(B) show a scanning signal 
Vgate supplied to each scanning line "gate" in two adja- 
cent pixels PX (the pixel PX1 1 on the pre-stage side, 45 
and the pixel PX21 on the post-stage side) in the direc- 
tion in which the first to third wiring D21 , D22, and D23 
are extended (the direction orthogonal to the scanning 
line "gate"), a signal VD21 for controlling the switch 
on/off (controlling light-reception/non-light-reception), so 
which is supplied to the first wiring D21, the potential 
level (the potential level of the common power-supply 
line com) of the second wiring D22, the potential fluctu- 
ation of the third wiring D23, and the potential fluctua- 
tion of the potential holding electrodes 65 of the first and ss 
second thin-film optoelectronic transducers 11A and 
1 1 B, and the potential level of the counter electrode OR 
[0065] As can be seen from Fig. 8, a scanning signal 



Vgate for causing the first TFTs IOC and 10E to be 
turned on/off and selecting each pixel in sequence is 
supplied to the scanning line "gate". Furthermore, a 
switch on/off control signal VD21 for switching between 
the first thin-film optoelectronic transducer 1 1 A and the 
second wiring D22 between a conduction state and an 
insulation state by turning on/off the second TFT 10D is 
supplied to the first wiring D21. At the same time, the 
signal VD21 causes the second TFT 10F to be turned 
on/off so as to switch between the second thin -film opto- 
electronic transducer 11B and the third wiring D23 
between a conduction state and an insulation state. 
[0066] Therefore, in the pixel PX selected by the scan- 
ning signal Vgate. in the first pixel section PXA, the first 
thin-film optoelectronic transducer 11A changes from 
the switched-off state to the switched-on state in 
accordance with the signal VD21 for switched on/off 
control, and this switched-on state is maintained. During 
this period, in the second pixel section PXB. light which 
is radiated from the first pixel section PXA onto a read- 
out object, such as a photograph, is reflected, and the 
reflected light is received by the second thin-film optoe- 
lectronic transducer 1 1 B. As a result, photocurrent flows 
in the second thin-film optoelectronic transducer 11B, 
and in accordance with this, a predetermined potential 
difference is generated between the pixel electrode 
PEB of the second thin-film optoelectronic transducer 
11B and the counter electrode OP. This potential differ- 
ence can be detected in sequence by the second photo- 
current detection circuit 502 through the third wiring 
D23. Such an operation is performed in each pixel in 
sequence in accordance with a scanning signal output 
to the scanning line "gate" from the scanning-side driv- 
ing circuit 20. Therefore, it is possible for the image sen- 
sor apparatus 1 having a display device function as a 
contact-type image sensor apparatus to read image 
information from a readout object, such as a photo- 
graph. 

[0067] The image information read in this way and the 
like can be displayed by the Image sensor apparatus 1 
having a display device function. That is, the image 
information read herein from a photograph or the like is 
recorded in an information recording device, such as a 
RAM. and when it is displayed, a modulation image sig- 
nal in accordance with the image information is sent to 
the first wiring D21 from the data-side driving circuit 30. 
As a result, in the pixel PX selected in sequence by a 
scanning signal supplied from the scanning line "gate", 
the switched on/off state of the first thin-film optoelec- 
tronic transducer 1 1 A of the first pixel section PXA is 
controlled in accordance with the modulation image sig- 
nal, and a desired image is displayed. 
[0068] When such a display operation is performed, if 
the second switching circuit 402 causes the TFT 48 to 
be turned off and the TFT 47 to be turned on and the 
third wiring 23 is connected to the common power-sup- 
ply line com, in the pixel PX which is selected in 
sequence in accordance with the scanning signal sup- 
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plied from the scanning line "gate", the switched on/off 
state of the first thin-film optoelectronic transducer 1 1 B 
of the second pixel section PXB can be controlled in 
accordance with the modulation image signal sent from 
the data-side driving circuit 30 to the first wiring D21. 
When the display operation is performed by both the 
first and second pixel sections PXA and PXB, it is pos- 
sible to produce a display having higher luminance. 
[0069] If the first and second switching circuits 401 
and 402 cause the TFTs 46 and 48 to be turned on and 
the TFTs 45 and 47 to be turned off. it is possible to use 
each of the first and second thin-film optoelectronic 
transducers 1 1 A and 11 B as a light-receiving element in 
both the first and second pixel sections PXA and PXB. 
As a result of the above, a reading operation with higher 
sensitivity is possible 

(Advantages of this embodiment) 

[0070] As has been described above, in the image 
sensor apparatus 1 having a display device function of 
this embodiment, since each pixel PX is formed with the 
first and second thin-film optoelectronic transducers 
11A and 11B that function as a light-emitting element 
and a light-receiving element, by only changing the 
method of driving these thin-film optoelectronic trans- 
ducers, rt is possible to use the image sensor apparatus 
1 having a display device function as an image sensor 
apparatus and a display device. Further, in tiie image 
sensor apparatus 1 having a display device function of 
this embodiment, each element can be manufactured 
by a semiconductor process and since an optical sys- 
tem, a mechanical system, sensors, illumination, and 
the like, which are expensive, are not required, the rea- 
dout section of a facsimile machine and the like can be 
lowered In price. 

[0071] Furthermore, by only switching the connected 
state of the second and third wirings D22 and D23 by 
the switching circuits 401 and 402, it is possible to 
cause both the first and second pixel sections PXA and 
PXB to function as a light-emitting section or a light- 
receiving section, and It is also possible to cause one of 
them to function as a light-emitting section and the other 
to function as a light-receiving section. 
[0072] Furthermore, since a light-shielding bank layer 
"bank" is formed between the pixel elecb-ode PEA of the 
first pixel section PXA and the pixel electrode PEB of 
the second pixel section PXB. even if light is emitted In 
ail directions from tiie side of the first pixel section PXA 
which functions as a light-emitting section, it is possODle 
for the bank layer t)ank" to prevent the light from leak- 
ing to the second pixel section PXB which functions as 
a light-receiving section. Therefore, it is possible to read 
an image from a readout object at a high S/N ratio. 

[Third Embodiment] 

[0073] This embodiment is of a construction similar to 



ttiat of the first embodiment, and differences will be 
described. In the above-described first and second 
embodiments, the boundary portion between tine forma- 
tion area of the pixel electrode PEA of the first thin-film 
5 optoelectronic ti*ansducer 1 1 A and the formation area of 
the pixel electrode PEA of the second tiiin-film optoelec- 
tronic transducer 1 1B is in a straight line, whereas, in 
tiiis embodiment, as shown in Rgs. 9(A) and 9(B). tfie 
formation area of tiie pixel electrode PEA of the first 
10 thin-film optoelectronic transducer 1 1 A and the forma- 
tion area of tiie pixel electrode PEA of the second thin- 
film optoelectronic transducer 1 1 B are intermingled with 
each other. With such a consti-uction, when the image 
sensor apparatus 1 having a display device function is 
75 used as an image sensor apparatus, tiie light which is 
output from the first pixel section PXA is reflected by a 
readout object such as a photograph, and effidentiy 
reaches tiie second pixel section PXB. Even with the 
consti-uction as described above, formation of a light- 
20 shielding layer "bank" between tiie pixel elech-ode PEA 
of the first pixel section PXA and the pixel electrode 
PEB of the second pixel section PXB makes it possible 
for the bank layer "bank" to prevent tiie light from leak- 
ing to the second pixel section PXB which functions as 
25 a light-receiving section even if light is emitted in all 
directions from the side of the first pixel section PXA. 

[Fourtii Embodiment] 

30 [0074] This embodiment Is also similar to the first 
embodiment, and differences will be described. In this 
embodiment, for example, as shown in Fig. 10, if tiie for- 
mation area of the pixel electrode PEA of the first thin- 
film optoelectronic transducer 1 1 A Is surrounded by the 
35 formation area of the pixel electrode PEB of the second 
tfiin-film optoelectronic fransducer 1 1 B, in comparison 
with a const* uction in which the outer frames of tiie gate 
electi-odes are partitioned by a straight line, it is possible 
for the center-of-gravity position of the formation area of 
40 the pixel elecfrode PEA of the first tiiin-film optoelec- 
tronic transducer 1 1 A to be dose to tiie center-of-gravity 
position of the formation area of the pixel electrode PEB 
of the second thin-film optoelectronic transducer 1 1B in 
spite of tfie fact that tfie formation area of the pixel elec- 
45 ti-ode PEB is wkJe. 

[0075] Wrth this construction, when the image sensor 
apparatus 1 having a display device function is used as 
an image sensor apparatus, since the center-of-gravity 
posftions (the center positions of light emission and 
so reception) of tiie pixel electrodes PEA and PEB are 
dose to each other, the light which is output from the 
first pixel section PXA is reflected by a photograph or 
tiie like and effidentiy reaches the second pixel section 
PXB. 

ss [0076] Also witti tills construction, if a light-shielding 
bank layer "bank" is formed between the pixel elecfrode 
PEA of the first pixel section PXA and the pixel elec- 
frode PEB of the second pixel section PXB, even if light 
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is emitted in all directions from the side of the pixel sec- 
tion PXA, it is possible for the bank layer "bank" to pre- 
vent the light from leaking to the second pixel section 
PXB that functions as a light-receiving section. 

5 

[Fifth Embodiment] 

10077] This embodiment is also similar to the firsl 
embodiment, and differences will be described. In this 
embodiment, as shown in Fig. 1 1 (A), it is preferable that io 
the formation area of the pixel electrode PEA of the first 
thin-film optoelectronic transducer 11 A be in the central 
portion of the formation area of the pixel electrode PEB 
of the second thin-film optoelectronic transducer 1 1 B. 
With this construction, the center-of-gravity positions of is 
both the formation area of the pixel electrode PEA of the 
first thin-film optoelectronic transducer 1 1 A and the for- 
mation area of the pixel electrode PEB of the second 
thin-film optoelectronic transducer 1 1 B completely over- 
lap each other. Therefore, as shown in Fig. 1 1 (B), when 20 
the light hv which is output from the first pixel section 
PXA is reflected by a readout object, such as a photo- 
graph or a document, and reaches the second pixel sec- 
tion PXB. since the peaks of the intensity distribution of 
the radiation light to the readout object and the intensity 2S 
distribution of the reflected light from the readout object 
are in the central portion of the pixel PX, in the second 
pixel section PXB. the light is received with high effi- 
ciency over the entire surface of the pixel electrode PEB 
of the second thin-film optoelectronic transducer 11 B. 30 

Industrial Applicability 

[0078] As has been described above, in the image 
sensor apparatus having a display device function of the 35 
present invention, since first and second thin-film opto- 
electronic transducers which function as a light-emitting 
element and a light-receiving element are formed in 
each pixel, by only changing the method of driving these 
thin-film optoelectronic transducers, the image sensor 40 
apparatus having a display device function can be used 
as ether an image sensor apparatus or a display 
device. Furthermore, in the image sensor apparatus 
having a display device function of this embodiment, 
each element can be manufeictured by a semiconductor 45 
process, and an optical system, a mechanical system, 
sensors, illumination, and the like, which are expensive, 
are not required. Therefore, the readout section of a fac- 
simile machine or the like can be lowered in price. 

so 

Claims 

1 . An Image sensor apparatus having a display device 
function, comprising: a plurality of pixels an-anged 
in matrix form; scanning lines to which a scanning ss 
signal for selecting the pixels In sequence is sup- 
plied; and first to third wirings used as signal lines 
when light emission or light reception is performed 



by the pixel selected by said scanning signal, 
wherein said pixel comprises a first pixel section 
comprising a first conduction control circuit to which 
said scanning signal is supplied through said scan- 
ning line and a first thin-film optoelectronic trans- 
. ducer capable of performing light emission or light 
reception, connected to said first wiring and said 
second wiring via the first conduction control circuit; 
and a second pixel section comprising a second 
conduction control circuit to which said scanning 
signal is supplied through said scanning line and a 
second thin-film optoelectronic transducer capable 
of performing light emission or light reception, con- 
nected to said first wiring and said third wiring via 
the second conduction control circuit. 

2. An Image sensor apparatus having a display device 
function according to claim 1 , wherein said first and 
second conduction control circuits are each com- 
posed of a thin-film transistor in which said scan- 
ning signal is supplied to the gate electrode. 

said thin-film transistor of said first conduction 
control circuit is connected at one of its source 
and drain regions to said second wiring and 
connected at the other to the pixel electrode of 
said first thin-film optoelectronic transducer, 
and 

said thin-film transistor of said second conduc- 
tion control circuit is connected at one of Its 
source and drain regions to said third second 
wiring and connected at the other to the pixel 
electrode of said second thin-film optoelec- 
tronic transducer. 

3. An image sensor apparatus having a display device 
function according to claim 2, further comprising a 
switching circuit such that, when said thin-film opto- 
electronic transducer is used as a light-emitting ele- 
ment, that wiring of said second and third wirings to 
which the thin-film optoelectronic transducer is con- 
nected is connected to an output circuit for a switch 
on/off control signal, and when said thin-film optoe- 
lectronic transducer is used as a light-receiving ele- 
ment, that wiring of said second and third wirings to 
which the thin-film optoelectronic transducer is con- 
nected is connected to a photoelectric current 
detection circuit, and 

said first wiring is connected to a constant-volt- 
age power source. 

4. An image sensor apparatus having a display device 
function according to claim 1 . wherein said first and 
second conduction control circuits are composed of 
a first thin-film transistor In which said scanning sig- 
nal is supplied to the gate electrode, and a second 
thin-film transistor in which the gate electrode is 
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connected to said first wiring through the first thin- 
film transistor, respectively, 
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ond thin^ilm optoelectronic transducer. 



8. 



said second thin-film transistor of saio' first con- 
duction control circuit is connected at one of its 
source and drain regions to said second wiring 
and connected at the other to the pixel elec- 
trode of said first thin-film optoelectronic trans- 
ducer, and 

said second thin-f flm transistor of said second 
conduction control circuit is connected at one 
of Its source and drain regions to said thiid wir- 
ing and connected at the other to the pixel elec- 
trode of said second thin-film optoelectronic 
transducer. 

An image sensor apparatus having a display device 
function accordng to daim 4, further comprising a 
switching circuit such that, when said thin-film opto- 
electronic transducer is used as a light-emitting ele- 
ment, that wiring of said second and third wirings to 
wrtiich the thin-film optoelectronic transducer is con- 
nected IS connected to a constant-voltage power 
source, and when said thin-film optoelectronic 
transducer is used as a light-receiving element that 
wring of said second and third wirings to wirfiich the 
thin-film optoelectronic transducer is connected is 
connected to a photoelectric current detection cir- 
cuit, and 

said first wiring is connected to an output circuit 
for a signal for controlling the conduction state 
of said second thin-film transistor. 
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An image sensor apparatus having a display device 
funrton according to one of claims 1 to 5, wherein 
the formation area of the pixel electrode of said first 
thin-film optoelectronic transducer and the forma- 
tion area of the pixel electrode of said second thin- 
film optoelectronic transducer are intermingled with 
each other. 

An image sensor apparatus having a dsplay device 
function according to one of claims 1 to 5. wherein 
the fbmiation area of the pixel electrode of said first 
thin-film optoelectronic transducer and the forma- 
tion area of the pixel electrode of said second thin- 
film optoelectronic transducer are such that the 
center-of-gravity positions of both are close to each 
other in comparison with a construction in which the 
outer frame of the pixel electrode is partitioned by a 
straight line. 

An image sensor apparatus having a display device 
function according to one of claims 1 to 5. wherein 
the formation area of the pixel electrode of said first 
thin-film optoelectronic transducer is surrounded by 
the formation area of the pixel electrode of said sec- 
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i. An image sensor apparatus having a display device 
function, comprising: a plurality of pixels arranged 
in matrix form; scanning lines to which a scanning 
signal for selecting the pixels in sequence is sui^ 
plied; and first to third wirings used as signal lines 
when light emissfon or light reception is perfomied 
by the pixel selected by said scanning signal 
wherein said pixel comprises: a first pixel section 
comprising a first conduction control circuit to which 
said scanning signal is supplied through said scan- 
ning line and a first thin-film optoelectronic trans- 
ducer capable of performing light emission or light 
reception, connected to said first wiring and said 
second wiring via the first conduction control circuit- 
and a second pixel section comprising a second 
conduction control circuit to which said scanning 
signal is supplied through said scanning line and a 
second thin-film optoelectronic transducer capable 
of performing light emission or light reception con- 
nected to said first wiring and said third wiririg via 
the second conduction control circuit, and the 
center-of-gravity of the formation area of the pixel 
electrode of said first thin-film optoelectronic trans- 
ducer and the center-of-gravity of the formation 
area of the pixel electrode of said second thin-film 
optoelectronic transducer are sufficiently close to 
each other in comparison with the size of the pixel 
6lectrod6. 

An image sensor apparatus having a display device 
function according to one of claims 1 to 9. wherein 
a light-shielding layer is formed between the pixel 
electrode of said first thin-film optoelectronic trans- 
ducer and the pixel electrode of said second thin- 
film optoelectronic transducer. 
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